L-DOPA is the primary drug used to treat Parkinson's disease (PD) symptoms, but motor side effects limit its long term use. Previous experimental studies show that L-DOPA acts on supersensitive D1 receptors in the basal ganglia to induce extracellular signal-regulated kinases 1 and 2 (ERK1/2), a pair of MAP-kinase proteins that may be involved in induction of motor side effects. Since GABA is known to be intimately involved in basal ganglia function, we investigated whether elevating GABA levels via a GABA-transaminase (GABA-T) inhibitor affects the L-DOPA-induced ERK1/2 phosphorylation in the striatum and substantia nigra (SN) using a rat model of PD. Unilateral dopaminergic lesions of median forebrain bundle neurons were done using the neurotoxin 6-hydroxydopamine. Rats were prescreened for the extent of the lesion by apomorphine-induced rotation test. Lesioned rats were treated with aminooxyacetic acid (AOAA, a GABA-T inhibitor), L-DOPA, or in combination. Immunohistochemistry of tyrosine hydroxylase (TH, a direct indicator of dopaminergic lesion), substance P (SP, an indirect marker that decreases after lesion), and phospho-ERK1/2 was done using slices at the level of striatum and SN. Unilateral dopaminergic lesioned rats, as expected, exhibited >90% TH loss and a modest SP loss in the striatum and SN. L-DOPA alone induced a 343% and 330% increase in phospho-ERK1/2 in the striatum and SN, respectively. We report here a novel finding that pretreatment with AOAA attenuated the L-DOPA induced increase in phospho-ERK1/2 by 62% and 68% in the striatum and SN, respectively, suggesting a DA-GABA-ERK1/2 link in the therapeutic and/or side effects of L-DOPA.
Introduction
In the basal ganglia, dopamine (DA) D1 and D2 receptors are segregated to the direct (striatonigral) and indirect (striatopallidal) pathways, respectively [1] [2] [3] [4] . D1 recaptors belong to a subfamily of G-protein coupled receptors (GPCRs) [5] , which influence extracellular signal-regulated kinases 1 and 2 (ERK1/2) in the DA-depleted striatum [6] [7] [8] . ERK-linked signaling pathways are a class of mitogen-activated protein kinase (MAPK) pathways implicated in the efficiency of transcription and translation [9] [10] . In Parkinson's disease (PD), degeneration of the dopaminergic neurons in the direct pathway of the basal ganglia results in an imbalance in DA function, leading to many motor deficits associated with the disease [7, [11] [12] . DA agonists, such as L-DOPA, have been shown to restore the balance and function of DA in the basal ganglia [1, 6, 11, [13] [14] [15] [16] [17] . However, chronic L-DOPA administration leads to side effects such as dyskinesias that are characterized by aberrations in the motor response to L-DOPA as well as the emergence of uncontrolled movements [6, [18] [19] [20] [21] .
Numerous studies have reported that the stimulation of supersensitive D1 receptors in the DA-depleted striatum via a DA agonist leads to the phosphorylation of ERK1/2 in the striatum [6, 8, 16, [22] [23] [24] . This phenomenon has been linked to the development of motor side effects in reports involving both hemiparkinsonian rodents [24] [25] [26] and non-human primates [16] [17] 21, 27] . Moreno and Sivam (2012) recently reported that the D1 agonist, SKF-38393 increased phospho-ERK1/2 levels in the striatum and in the substantia nigra (SN), and both responses were blocked by D1 antagonist SCH-23390 [28] , further supporting the link between D1 receptor supersensitivity and ERK1/2 signaling in the striatum and SN.
GABA is the major inhibitory neurotransmitter of the basal ganglia. GABAergic pathways dominate most of the information processing of the basal ganglia [29] . For instance, about 95% of neurons comprising the striatum are GABAergic medium-sized spiny neurons (MSNs) [16] , and 99% of all neurons in the basal ganglia are GABAergic [30] . GABA works cooperatively and interdependently with DA in the basal ganglia to facilitate motor control. DA modulates GABA release presynaptically in the striatum [30] as well as in the SN [31] . This GABAergic modulation in the direct DA pathway of the basal ganglia leads to the facilitation of movement via inhibition of MSNs in the SN followed by disinhibition of thalamocortical neurons, whereas activation in the indirect DA pathway leads to the suppression of movement via the inhibition of thalamocortical neurons [16, 21, [29] [30] . Numerous reports have found that DA imbalance indeed influences GABA transmission [32] [33] [34] [35] [36] [37] [38] . However, the role of GABA in DA-mediated effects as far downstream as ERK1/2 has yet to be evaluated.
Recent reports have found that ERK1/2 signaling plays a role in GABA release related to plasticity and learning in the hippocampus [39] and the effect of psychostimulant drugs such as cocaine and d-methamphetamine in the nucleus accumbens [40] . To our knowledge, however, there is a paucity of literature regarding the role of GABA in L-DOPA-induced ERK1/2 signaling. The present study employed a pharmacological approach to test whether elevating GABA levels via a GABA-transaminase (GABA-T) inhibitor would modify the L-DOPAinduced rotational response and ERK1/2 phosphorylation in the striatum and SN in a unilaterally lesioned rat model of PD.
Materials and Methods

Animals
Female Sprague-Dawley rats (Harlan Laboratories, Inc.) weighing 250 -350 g were maintained on a 12 h light/12 h dark cycle at 22˚C ± 2˚C and 50% ± 10% humidity with ad libitum access to Wayne Lab Box chow and water. Experimental treatments and animal care protocols were approved by the Institutional Animal Care and Use Committee of Indiana University School of MedicineNorthwest.
Unilateral Dopaminergic Lesion with
6-Hydroxydopamine (6-OHDA)
Lesions of the nigrostriatal DA pathway were made unilaterally in the right median forebrain bundle (MFB) as previously described [28] by infusion of 9 µg of freebase 6-OHDA (Research Biochemicals, Inc.) in ascorbic acid (4 μl, 0.1% in saline, Sigma-Aldrich, Inc.) using ketamine HCl/xylazine HCl solution (80 mg/kg, i.p., Sigma-Aldrich, Inc.) for anesthesia. The stereotaxic coordinates of the MFB relative to the bregma were, A: 4.4, L: 1.2, V: 7.8, and the I-bar was set at −2.5. Coornates were located using the atlas of [41] . Noradrenergic neurons were protected from the neurotoxin 6-OHDA with desipramine HCl (15 mg/kg, i.p., Sigma-Aldrich, Inc.) administered 60 min prior to neurotoxin infusion [42] . After anesthesia recovery, animals were returned to their cages and given ad libitum access to food and water. Meloxicam (1 mg/kg, s.c., Sigma-Aldrich, Inc.) was administered for two days post-surgery for pain relief.
Apomorphine-Induced Rotation Test to Screen Extent of Lesion
The extent of the unilateral 6-OHDA lesion was assessed by apomorphine-induced rotation test as previously described [28] . Two weeks post-surgery, an apomorphineinduced rotation test (apomorphine HCl, 0.1 mg/kg, i.p., Sigma-Aldrich, Inc., in 0.1% sodium bisulphite solution, Sigma-Aldrich, Inc., in saline) was applied. Animals were observed for contralateral rotation by placing each in a hemispherical bowl (14 inches in diameter) enclosed by transparent Plexiglas cylinder. After apomorphine injection, the number of rotations in 5-minute intervals at 15, 30, and 45 minutes were recorded. Animals with 5 or more average rotations/min were considered to have >90% DA depletion and were used for additional drug treatment.
Aminooxyacetic Acid (AOAA) and L-DOPA Treatments
The following groups of 6-OHDA-lesioned animals were used: 1) vehicle + vehicle (control); 2) vehicle + AOAA; 3) vehicle + L-DOPA; 4) AOAA + L-DOPA; the numbers of animals in each group were 3, 3, 4, and 7, respectively. Previous studies have shown that the administration of a GABA-transaminase (GABA-T) inhibitor, aminooxyacetic acid (AOAA, 80 mg/kg, i.p., Sigma-Aldrich, Inc.), elevated GABA levels in the striatum as early as 30 min and rapidly increased by 2 h, with GABA levels peaking at 6 h [43] . In the present study we administered AOAA 2 h prior to L-DOPA and perfused the animals transcardially 30 minutes after L-DOPA administration. This paradigm ensured the maximum elevation of GABA levels during L-DOPA-induced effects. RO-4-4602 (50 mg/kg, i.p., Hoffmann-La Roche, Inc.) was given 30 minutes prior to L-DOPA administration (94.5 mg/kg, i.p., Sigma-Aldrich, Inc.). Vehicle + vehicle served as the independent control group. The experimental design allowed the comparison of not only the relative changes from the lesioned versus intact side in the same animal, but also each drug treatment group versus the independent control group. Ten minutes after L-DOPA injection, rats were observed for 5 minutes to observe the rotational response to the agonist. An overdose of sodium pentobarbital (100 mg/kg, i.p., Sigma-Aldrich, Inc.) was used to kill animals 30 minutes after L-DOPA administration.
Immunohistochemistry
Immediately after sodium pentobarbital began to take effect, animals were transcardially perfused for 4 min with 10% sucrose (Sigma-Aldrich, Inc.) followed by phosphate-buffered paraformaldehyde (4% in 0.1 M sodium phosphate, Sigma-Aldrich, Inc.). Brains were removed and stored in the paraformaldehyde solution at 4˚C overnight. Brains were then stored in a 30% sucrose solution (in saline) at 4˚C for 24 h or until sunken. Sunken brains were removed and frozen, and sections through the striatum-and SN-containing regions were cut (30 µm) coronally on a sliding microtome. Sections were collected into the sucrose solution for storage until processed according to the general protocol of [22] , as modified previously [28] . Free-floating brain tissue sections were rinsed in phosphate-buffered saline (PBS) (0.15 M NaCl, 0.1 M sodium phosphate, pH 7.4), and subsequently incubated in 0.3% H 2 O 2 . Sections were then rinsed in PBS-0.3% Triton-X 100, and incubated in 10% normal goat serum with 0.2% Triton X-100 in PBS. Immunoreactivity was detected using affinity-purified monoclonal tyrosine hydroxylase (TH) (Affinity Bioreagents, Inc.), phospho-ERK1/2 (phospho-p44/42 MAP kinase (thr202/ tyr204); Cell Signaling Technology, Inc.), and substance P (SP, [44] ) were used to detect immunoreactivity. Sections were incubated with agitation for 24 hours at 4˚C in 3% normal goat serum, 0.2% Triton X-100, and the 1˚ antibodies. Following incubation, sections were rinsed in PBS-0.3% Triton-X 100 and incubated for TH detection in affinity-purified biotinylated anti-mouse IgG and for SP and phospho-ERK1/2 detection in anti-rabbit IgG (Vector Laboratories, Inc.). Ready-to-use Vectastain Elite ABC kit (Vector Laboratories, Inc.) with nickelcobalt intensification of the diaminobenzidine reaction product was used for final antibody staining. Sections were rinsed, placed on slides, and soaked in a series of ethanol rinses and finally a xylene rinse. Permount (Fisher Scientific, Inc.) was used to cover-slip all slides.
Quantification and Statistical Analysis
Quantification of Immunostaining. The immunostaining intensities for TH, SP and phospho-ERK1/2 in the striatum and SN of the intact and lesioned sides were determined with ImageJ (NIH) and quantified using QuantiScan software (Biosoft, Inc.). The quantified values of TH, SP, and phospho-ERK1/2 immunoreactivity of the lesioned side were expressed as percent change from that of the intact side. For analysis of the effect of AOAA pretreatment, the percent change in AOAA + L-DOPA treatment group was compared to the percent change in the vehicle + L-DOPA group.
Quantification of Striatal Phospho-ERK1/2 Labeled Cell Counts. Counts of phospho-ERK1/2 immunostained cells were performed on tiled images of the striatum at 200X magnification using a Leica DM4000 microscope and digital camera and Image-Pro Plus 7.0 (Media Cybernetics, Inc.). Eight sample areas of 0.54 mm 2 per striatum were counted manually, and values are expressed in cells/mm 2 [45] .
Stastical Analysis. All values are depicted as mean ± SEM. Group means were compared using SigmaStat (Systat Software, Inc.) to apply one-way analysis of variance followed by Newman-Keuls multiple range test. P < 0.05 was considered significant.
Results
Assessment of Drug-Induced Rotations of Unilaterally 6-OHDA Lesioned Animals
In control and AOAA-treated animals, no rotations were observed. In animals treated with L-DOPA, an average of 13.3 ± 2.3 rotations per minute was observed. Finally, in animals pretreated with AOAA followed by L-DOPA, an average of only 1.0 ± 0.6 rotations was observed, indicating that AOAA pretreatment greatly attenuated L-DOPA-induced rotations (Figure 1 ).
Assessment of TH, SP, and Phospho-ERK1/2 Immunoreactivity in the Striatum and SN of Unilaterally 6-OHDA Lesioned Animals
Immunoreactivity of TH was assessed for all animals to verify an adequate loss of DA neurons in the lesioned striatum and SN due to unilateral 6-OHDA lesion. TH immunoreactivity decreased by greater than 90% in the lesioned striatum and SN in all groups (Figure 2 , upper panel). Immunoreactivity of SP was determined as an indirect marker of DA neuron loss because near-total striatal DA denervation leads to a moderate decrease in SP in the lesioned striatum and SN [46] [47] . A moderate decrease in SP immunoreactivity was observed in the striatum and SN in all groups (Figure 2, middle panel) . Immunoreactivity of phospho-ERK1/2 was not apparent in lesioned control animals (Figure 2, bottom panel) . The vehicle + vehicle control group served as the basal independent control. Immunoreactive Intensity of TH, SP, and Phospho-ERK1/2 in the Striatum. A greater than 90% decrease in TH immunoreactivity in the lesioned striatum was observed for control, AOAA, L-DOPA, and AOAA + L-DOPA groups. The lesioned striatum of animals in all aforementioned groups demonstrated a moderate loss of SP immunoreactivity. AOAA, L-DOPA, or AOAA + L-DOPA treatments did not alter the basal loss of TH or SP immunoreactivity in the lesioned striatum. In the unlesioned side (intact striatum), none of the treatment groups showed phospho-ERK1/2 immunoreactivity. In control or AOAA treated rats, phospho-ERK1/2 immunoreactivity was not apparent in the lesioned or intact striatum (Figure 3) . L-DOPA treatment resulted in a robust activation of phospho-ERK1/2 by 343% ± 17 in the striatum in the lesioned side as compared to the intact side (Figures 3 and 4) . Pretreatment of AOAA to elevate GABA levels followed by L-DOPA administration resulted in 62% lower levels of phospho-ERK1/2 in the striatum as compared to phospho-ERK1/2 in the L-DOPA group (Figures 3 and 4) .
Cells Labeled with Phospho-ERK1/2 in the Striatum.
The number of immunostained cells labeled with phospho-ERK1/2 was counted in the striatum. In control and AOAA treated animals, no phospho-ERK1/2 labeled cells were apparent. In L-DOPA treated animals, the number of phospho-ERK1/2 labeled cells was 1498 ± 59 cells/mm 2 . In AOAA + L-DOPA treated animals, the number of phospho-ERK1/2 labeled cells was 827 ± 79 cells/mm 2 . Thus, AOAA + L-DOPA treatment showed a 45% decrease in the amount of phospho-ERK1/2 labeled cells as compared to the rats treated with L-DOPA alone ( Figure 5 ).
Influence of AOAA and L-DOPA on TH, SP, and Phospho-ERK1/2 Levels in the SN of Unilaterally 6-OHDA Lesioned Animals
Results similar to those seen in the striatum were observed within the SN with regard to changes in TH, SP, and phospho-ERK1/2 immunoreactivity. L-DOPA treatment resulted in the robust activation of phospho-ERK1/2 by 330% ± 25 in the SN (Figures 3 and 4) . Pretreatment of AOAA to elevate GABA levels followed by L-DOPA administration resulted in 68% lower levels of phospho-ERK1/2 in the SN as compared to phospho-ERK1/2 in the L-DOPA group (Figures 3 and 4) .
Discussion
The present study confirms and extends previous reports that DA agonists such as L-DOPA increase activation of phospho-ERK1/2 in the DA-depleted striatum and SN, suggesting L-DOPA administration affects the entire striatonigral pathway. We report a new finding that elevation of GABA by a GABA-transaminase inhibitor, AOAA, attenuated the L-DOPA-induced rotational response as well as increase in phospho-ERK1/2 levels both in the striatum and SN, indicating a GABA-DA-ERK1/2 interaction in the therapeutic and/or side effects of L-DOPA.
The direct (striatonigral) and indirect (striatopallidal) pathway activity, subserved by D1 and D2 receptors, respectively, is crucial to the normal functioning of the basal ganglia [11, 48, 49] . DA neuron degeneration in the direct pathway leads to an imbalance of direct and indirect projection pathway activity and is generally attributed to the motor deficits associated with PD [7, 11, 15] . It has been shown previously that, in the intact striatum, the indirect rather than direct striatal projection neurons are typically responsible for activating the ERK1/2 signaling pathway [7] . However, after nigrostriatal DA lesion, phospho-ERK1/2 is activated via the direct pathway D1 receptors [6] [7] [8] 25, 50, 51] . Furthermore, D1 receptor supersensitivity associated with PD is characterized by changes in synaptic plasticity [9, 52] and gene expression [11, 53] , such as increased expression of D1 receptors at the plasma membrane [21, 54, 55] and a switch in the regulation of the ERK1/2 signaling pathway [6] . Other evidence indicates that D1 receptor agonists such as SKF-38393 can induce phospho-ERK1/2 levels in the striatum [6, 8, 22, 28, 52] . Blockade of D1 receptors with D1-antagonist, SCH-23390 can block L-DOPA-induced ERK1/2 phosphorylation in neonatal (bilateral dopaminergic lesion) [22] and adult (unilateral dopaminergic lesion) models of PD [24, [56] [57] , indicating that activation of D1 receptors induces effects in the striatum via the ERK1/2 signaling cascade. The degree of ERK1/2 phosphorylation has been correlated with the severity of the motor side effect known as dyskinesias [16, 24, 58] . These and other studies, along with the present results, support the conclusion that L-DOPA-induced ERK1/2 phosphorylation as well as alleviation of motor symptoms and occurrence of side effects occur through D1 receptor stimulation in the striatum. However, to our knowledge, the involvement of other major transmitter systems of the basal ganglia, such as GABA on L-DOPA, induced ERK1/2 phosphorylation levels and motor side effects in DA depleted basal ganglia have not been studied before.
Reports have shown that L-DOPA or D1 receptor agonist administration induce changes in striatal GABA transmission [32] . Morphologically, GABAergic medium-sized spiny neurons (MSNs) receive input from all areas of the basal ganglia and are the main type of neuron in the striatum [21, 29, 30, 59 ] and the SN pars reticulata (SNr) [29, 30, 60] . DA regulates the activity of these GABAergic MSNs by acting on DA receptors, providing a DA-GABA link in the basal ganglia [21, 61] . In unilaterally 6-OHDA lesioned rats, restored DA activity by L-DOPA administration leads to increased GABA transmission in the basal ganglia, which includes the striatum, via activation of the D1 receptor [62] . Increased levels of the GABA-synthesizing enzyme glutamic acid decarboxylase (GAD) in the striatum after acute and, to a reater extent, chronic administration of L-DOPA demg onstrate enhanced GABA transmission [34, 63] . Similarly, vesicular GABA transporter (vGAT) mRNA codes for a protein responsible for regulating GABA release via synaptic vesicles; levels of vGAT mRNA were reported to be decreased in the DA denervated striatum, and increased following subchronic L-DOPA administration [35] . The SN also displays changes in GABA transmission following D1 activation [33, [36] [37] [38] . The substantia nigra pars compacta (SNc) contains the majority of DA neurons with dendrites extending to the SN pars reticulata (SNr), which primarily contains GABA projection neurons [60] lacking postsynaptic DA receptors [64] . D1 receptors were detected on presynaptic terminals onto GABAergic SNr neurons [65] . It was reported that L-DOPA administration stimulated GABA release in the SNr of 6-OHDA lesioned rats [62] . Trevitt, et al. (2002) showed similar results after administration of D1 agonist, SKF-82958 [32] . Also, the SKF-82958-or L-DOPA-induced effects were both completely blocked by coinfusion of D1 antagonist, SCH-23390 [32, 62] . Both reports attributed the enhanced GABA release to the stimulation of D1 receptors. Western blot and immunofluorescence analyses showed that L-DOPA-induced ERK1/2 phosphorylation took place selectively on D1 receptorexpressing striatal MSNs [4, 24, 50, 51] . These reports taken together suggest that the DA-GABA-ERK1/2 link is dependent on a D1 receptor mechanism.
According to neurochemical and behavioral studies, the D1 receptor-mediated facilitation of GABA transmission depends upon GABA-A receptor stimulation [32, 66] . GABA-A receptor stimulation resulted in increased DARPP-32 phosphorylation in the striatum and SN [67] . DARPP-32 is a phosphoprotein regulated by DA and cyclic AMP, and it is abundant in the striatum and SN [68] . Following L-DOPA administration, sensitized cAMP/cAMP-dependent protein kinase/DARPP-32 signaling in dyskinetic mice leads to the phosphorylation of ERK1/2 [26, 69] . Santini, et al. (2012) recently found that DARPP-32 is required for L-DOPA-induced ERK 1/2 phosphorylation in MSNs that express D1 receptors [70] . These reports suggest a DARPP-32 dependent mechanism for the involvement of DA, GABA, and ERK 1/2.
In other reports, Adenosine A 2A receptor antagonist, KW-6002, has demonstrated prominent therapeutic effects in both animal models and human patients of PD [71, 72] without inducing dyskinesias [73, 74] . The receptor antagonist has also been shown to increase GABA release in the SNr of unilaterally 6-OHDA lesioned rats [75] , which suggests that increased GABA release could be linked to the amelioration rather than induction of motor side effects.
While the possible mechanism(s) underlying the involvement of GABA in L-DOPA therapy and ERK1/2 phosphorylation have not been verified, speculations about the ultimate consequence of GABA release in the striatum and SN are varied. The most common speculation is that the relationship between L-DOPA administration and enhanced GABA transmission could contribute to the development of motor side effects [35, 38] . This opinion has likely formed due to numerous reports that L-DOPA administration in unilaterally 6-OHDA lesioned rats resulted in enhanced GABA levels in the SNr [36, 38] . It was also reported that changes in GABA release mediated by L-DOPA are correlated with the behavioral effects of L-DOPA [38] . Similarly, GABA release in the SNr was increased after acute and subchronic L-DOPA administration [76] . L-DOPA also increased the levels of vesicular GABA transporter (vGAT) in the SNr [35] . Aceves, et al. (1991) reported stimulation of GABA release through L-DOPA-induced activation of presynaptic D1 receptors in the basal ganglia [62] . However, our results suggest that enhanced GABA transmission after L-DOPA administration could play a different role.
The aforementioned studies have suggested an involvement of GABA in L-DOPA-induced motor side effects, but according to the present results, the effect of GABA may be the opposite. Huot, et al. (2013) suggested that GABAergic modulation may be a useful tool in alleviating behavioral deficits associated with L-DOPA treatment due to its centrality to basal ganglia physiology [77] . Furthermore, it is possible to speculate that enhanced GABA transmission could potentially compensate for motor side effects by reducing the impact of L-DOPA-induced D1-receptor-mediated increases in phospho-ERK1/2. Therefore, the administration of exogenous GABA may further reduce this impact by dampening ERK1/2 phosphorylation, as found in this study. speculated that the increase in GABA release in the SNr following L-DOPA administration may be attributed to the amelioration of PD symptoms by L-DOPA rather than the induction of the dyskinetic side effect [33] . Additional reports show that, independent of L-DOPA, local activation of GABA-A receptors in the striatum or SNr provides beneficial effects. Injections of the GABA-A receptor agonist muscimol into the SNr of parkinsonian monkeys have been reported to alleviate motor symptoms [78] . Similar results were observed after the implantation of genetically-engineered GABA-releasing cells in the SNr of 6-OHDA-lesioned rats [79] . Behavioral recovery was observed in 6-OHDA-lesioned rats after injection of benzodiazepines, which are believed to act via GABA-A receptors [80] , and after transplantation of GABA-rich grafts [81] , both into the striatum. These studies taken together suggest that GABAergic stimulation could lead to the amelioration of PD symptoms. As previously noted in this discussion, it is tempting to speculate that the reported L-DOPA induced GABA release in DA depleted striatum is likely a compensatatory mechanism to inhibit motor side effects. GABAergic drugs have minor success in relieving the motor symptoms of PD in clinical trials [29] . The present results showing that a pharmacological increase in GABA levels attenuated the phospho-ERK1/2 levels and rotational response, which is characteristic of L-DOPA-induced motor deficits [25] , lend further support to the concept. Our results suggest that GABA is indeed closely involved in striatonigral D1 receptor supersensitivity, ERK1/2 phosphorylation, and motor manifestations, but that it is not likely a causative factor in the side effect itself. Instead, our data suggests that at high enough levels, GABAergic agents may help alleviate motor side effects.
In summary, we report for the first time that GABAlevel enhancement via AOAA attenuates the L-DOPAinduced phospho-ERK1/2 levels in the striatum and SN and also L-DOPA induced rotations. Our study suggests that a combination of L-DOPA and a GABA level-en-hancing agent may potentially be employed to reduce L-DOPA induced motor side effects and enhance the therapeutic benefits of L-DOPA.
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